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EH UHIUDPHG LQWR D QHZ FRQFHSWXDO EDFNJURXQG ZKLFK LQFOXGH VHOIRUJDQL]LQJ FRPSOH[LW\ XQFHUWDLQW\
XQSUHGLFWDELOLW\DQGIX]]LQHVV/RWWHHWDO>@DVFRPPRQDOJRULWKPVWRLQWHJUDWHPRGHOVWKDWFDQEHDSSOLHG
QRW RQO\ WR VROYLQJSUREOHPV PDFKLQHV EXW DOVR WR VROYLQJSUREOHPV FRQFHSWXDO WRROV WKDW FDQ EH XVHG WR
UHVROYHKXPDQVRFLDOSUREOHPVUDQJLQJIURPHQYLURQPHQWDOLVVXHVWRHFRQRP\DQGHGXFDWLRQ
$W WKH HQG ZH ZRXOG OLNH WR EH DEOH WR PRGHO RU XQGHUVWDQG KXPDQ EHKDYLRU DV SDUW RI D VRFLDO
LQWHUGHSHQGHQWQHWZRUN$V\VWHPWKDWGHSHQGVRQXQFRXQWDEOHYDULDEOHVDQGWKDWZHFDQQRWFRQWLQXHWUHDWLQJ




DQG VHH DJDLQ WKH EUDLQ XQGHU WKLV QHZ VFKHPH RI FRPSOH[LW\ WU\LQJ WR ILQG QHZ WRROV WR GHVFULEH DQG
XQGHUVWDQGLWVJUDPPDULWVZD\WRFRPPXQLFDWHFRQYH\DQGSURFHVVLQIRUPDWLRQWRILWZLWKWKRVHZHFDOOWKH










>@ %XW WKLV LV QRW WRR IDU IURP VWLOO FRQVLGHULQJ WKH V\VWHP OLNH D EODFNER[ VWXGLHG XQGHU WKH VWLPXOXV
UHVSRQVHSDUDGLJP2QWKHRWKHUKDQGRWKHUDSSOLFDWLRQVRI((*UHPDLQFLUFXPVFULEHGWRFOLQLFDOLVVXHVDVD
YHU\ QDUURZ WRRO IRU GLDJQRVLV RI D QXPEHU RI FOLQLFDO FRQGLWLRQV OLNH HSLOHSV\ RU VRPH SRVWVWURNH EUDLQ
GDPDJHHQFHSKDORSDWK\RUFRPPD'HVSLWHWKDWWKHXVHRI((*GDWHVEDFNWRZKHQ+DQV%HUJHUWRRNWKH
ILUVWDOSKDEDQGUHFRUGVRIWKHKXPDQEUDLQDFWLYLW\DIHZQHZDSSURDFKHVDV)LQJHONXUWVDQG)LQJHONXUWV>@
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0HWKRGV
((*GDWDZHUHFROOHFWHGIURPKHDOWK\VXEMHFWVPDOHV LQWKHIROORZLQJFRQGLWLRQVLUHVWLQJEDVDOVWDWH
ZLWK H\HV RSHQ DQG FORVHG GXULQJ  PLQXWHV LL  D FRJQLWLYH WHVW FRUUHVSRQGLQJ WR DQ DEEUHYLDWHG YHUVLRQ
FRQVLVWLQJ RI  TXHVWLRQV RI WKH YLVXDO SHUIRUPDQFH 5DYHQ LQWHOOLJHQFH WHVW DQG LLL PLQXWHV SOD\LQJ DQ
DFWLRQYLGHRJDPH%UDLQ DFWLYLW\ZDVSLFNHGXSE\ DEUDLQ FRPSXWHU LQWHUIDFHPDFKLQH %&,(SRF(PRWLY
ZZZHPRWLYFRP DW  +] VDPSOH UDWH 7KH  HOHFWURGHV  LQ WKH OHIW KHPLVSKHUH DQG  LQ WKH ULJKW
KHPLVSKHUHZHUH UHIHUHQFHG WR WKH UHVSHFWLYH KHDG VLGHPDVWRLG ERQH 6LJQDOVZHUH FOHDQHG RI DUWLIDFWV E\
YLVXDO LQVSHFWLRQ VRIWZDUH EDVHG RQ LQGHSHQGHQW FRPSRQHQW DQDO\VLV ,&$ DQG VXEVHTXHQW DUWLIDFWV
FRPSRQHQWGHWHFWLRQDQGUHMHFWLRQ7KHVLJQDOZDVILOWHUHGXVLQJD))7QRLVHHVWLPDWLRQILOWHUZKLFKH[WUDFWV
WKH XSSHU RI VLJQDO LQWHQVLW\ LW RSHUDWHV XVLQJ DQ DOJRULWKP WKDW H[WUDFWV WKH WK SHUFHQWLOH DPSOLWXGH




7R REWDLQ D EHWWHU SHUFHSWLRQ DQG GHWHFWLRQ RI VKRUWWHUP ((* KDUPRQLFV WKH IUHHDUWLIDFWV DQG ILOWHUHG
VLJQDO ZDV WUDQVIRUPHG LQWR PXVLF E\ PHDQV RI WUDQVODWH LW WR D 0,', ILOH DOORZLQJ WR WUDQVIRUP WKH ))7
















)LJXUH  VKRZ WKH FRPSDULVRQ EHWZHHQ WKH ILOWHUHG ((* VSHFWURJUDP D RI  PLQ UHFRUG GXULQJ WKH





















































)LJXUH  VKRZV VDPSOHV RI DXWRFRUUHODWLRQ SORWV FRUUHVSRQGLQJ WR VKRUWWHUP ((* VHJPHQWV ZKHUH
KDUPRQLFVWUXFWXUHZDVGHWHFWHG6RPHRIWKHVHVWUXFWXUHVDUHUHSHDWHGDORQJWKHGDWDVHTXHQFHVRWKH\FDQEH
UHFRJQL]HG DQG GHWHFWHG DV ILQJHUSULQWV RI EUDLQ DFWLYLW\ WKDW FRXOG EH VSHFLILF IRU VRPH WDVN SHUIRUPHG RU






































)LJXUH  VKRZV WKH DPRXQW RI KDUPRQLF VWUDQJH DWWUDFWRUV IRXQG LQ WKH 2 HOHFWURGH /HIW 2FFLSLWDO
SRVLWLRQGXULQJWKHH[HFXWLRQRIWKHDEEUHYLDWHGYHUVLRQRIWKH5DYHQLQWHOOLJHQFHWHVW'DWDGLVSOD\VDF\FOLF














































)LJXUH VKRZV D FRPSDULVRQEHWZHHQ WZR VXEMHFWV 6 DQG6RI WKHQXPEHURI KDUPRQLF HOHPHQWV LQ
EDVDOFRQGLWLRQVZLWKH\HVRSHQDQGFORVHGGXULQJV/DQG5LQGLFDWHVOHIWDQGULJKWKHPLVSKHUHV1RWHWKH
















































DTXDVLGHWHUPLQLVWLF QRLVH IRUPDOO\NQRZQDV³SLQNQRLVH´ZKLFKFDQYDU\ LQD UDQJHRI IUDFWDOGLPHQVLRQ
YDOXHVDFFRUGLQJ WR WKHGHJUHHRUDPRXQWRIRUGHU LQWRDFKDRWLFOLNHEDFNJURXQGRIRQJRLQJQHXUDODFWLYLW\





FRQFXUUHQW SUHVHQFH RI GLVFUHWH WXQHG DQG V\QFKURQL]HG IUHTXHQF\ HOHPHQWV DORQJ D ZLGH VSDQ RI ((*
IUHTXHQF\ UDQJLQJ IURPGHOWD +] WKHWD +] DOSKD +]EHWD +] WRJDPPD 
+]:HFDOOHGWKHVHIUDFWDOHOHPHQWVKDUPRQLFIUDFWDOVEHFDXVHWKH\FRUUHVSRQGZLWKWKHGHILQLWLRQRIKDUPRQ\
LQPXVLF 7KH\ DUH FKDUDFWHUL]HG E\ WKH VLPXOWDQHRXV SUHVHQFH RIPXVLFDO QRWHV VHSDUDWHG LQ WKH IUHTXHQF\
VFDOHE\DQLQWHUYDOPXOWLSOHRIDIXQGDPHQWDOIUHTXHQF\
,QDQDWXUDOIUDFWDOSLQNQRLVHWKHQXPEHURIWKHVHKDUPRQLFIUDFWDOVVWDWLVWLFDOO\IRUPHGWULSOHGHPHDQ
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SKHQRPHQDE\PHDQVRI DQDO\]LQJ D QXPEHURI IHDWXUHV WKDW FDQEH H[WUDFWHG IURP WKH((*GDWD3UHYLRXV
DSSURDFKHV WKDWKDYHEHHQPDGHUHFHQWO\E\)LQJHONXUWVDQG)LQJHONXUWV >@DQG)LQJHONXUWVDQG)LQJHONXUWV
>@GHVFULEH VKRUWWHUP VSHFWUDOSDWWHUQV LQ WKH((*FKDQQHOVFRQFOXGLQJ WKDW WKHVHGLVFUHWHHOHPHQWVFDQEH
FRQVLGHUHGDVLQGLFDWLYHRISDUWLFXODUSURFHVVHV LQ WKHQHXURG\QDPLFRI WKHEUDLQDQGWKDW WKH\FRUUHODWHZLWK
EUDLQIXQFWLRQVDVFRJQLWLYHDQGVHQVRU\SURFHVVHV
+HUHZHKDYHWDNHQDVLPLODULQVSLUDWLRQFRQVLGHULQJWKHIDFWWKDWEUDLQDFWLYLW\FDQEHGHVFULEHGDVDTXDVL
FKDRWLF V\VWHP %X]ViNL >@ DQG WHVWLQJ WKH K\SRWKHVLV WKDW RUGHUHG HOHPHQWV RI EUDLQ FRRUGLQDWLRQ DQG
FRPPXQLFDWLRQ PXVW DULVH DV VHOIVLPLODU VWUDQJH DWWUDFWRUV RU IUDFWDO VKRUWWHUP G\QDPLFV GLVWLQJXLVKDEOH
IURPWKHEDFNJURXQGDFWLYLW\
7KH DVVXPSWLRQ ZH WRRN ZDV WKDW VWURQJ FRRUGLQDWLRQ EHWZHHQ GLIIHUHQW FRPPXQLFDWLRQ FKDQQHOV LQ WKH
EUDLQ H[SUHVVHG E\ QDUURZ IUHTXHQF\ EDQGV RI WKH ((* PXVW EH SRVVLEOH WR EH GHWHFWHG DV VKRUWWHUP
VHTXHQFHVRIKDUPRQ\LQWKHVLJQDO,QPXVLFDOWHUPVKDUPRQ\LVWKHVLPXOWDQHRXVWKURERIWZRRUPRUHQRWHV
WKDWKDVIUHTXHQFLHVZKLFKDUHVFDODULQWKHVHQVHWKDWWKH\DUHPXOWLSOHVRIDEDVDOIXQGDPHQWDOIUHTXHQF\7KH
UHVXOW RI WKLV LV D KDUPRQLF VRXQG D SOHDVDQW VWUXFWXUH RI QRWHV WKDW LV WKH EDVH IRU WKH PXVLF FKRUGV
FRQVWUXFWLRQ
8QOLNH RWKHU VWXGLHV WKDW FRQFHQWUDWHV WKH IRFXV RQ SDUWLFXODU ((* EDQGV OLNH GHOWD WKHWD DOSKD RU EHWD




GHILQH IUDFWDO VWUXFWXUHV LQ QDWXUH DQG WKDW FDQ EHPDWKHPDWLFDOO\ GHWHFWHG E\ LWV DXWRFRUUHODWLRQ SORWZKLFK
UHIOHFWWKHRUGHUHGVWUXFWXUHDQGWKHVKDSHRIWKHLQIRUPDWLRQFRQWHQWFRQYH\HGLQLW(DFKDXWRFRUUHODWLRQSORW
FRXOGVHUYHDVD ILQJHUSULQW IRUDVSHFLILFDQGSDUWLFXODU WXQLQJDQGV\QFKURQ\((*DFWLYLW\SDWWHUQ WKDWPD\
UHIOHFW WKH VDPH XQGHUO\LQJ SDUWLFXODU DQG VSHFLILF SURFHVV DVVRFLDWHG WR D VSHFLILF SHUFHSWXDO FRJQLWLYH
VHQVRU\RQHXURSDWKRORJLFDOFRQGLWLRQV
((* DFWLYLW\ FDQ EH DOVR GHVFULEHG DV D VRUW RI IUDFWDO QRLVH SLQN QRLVH IURP ZKHUH LW LV SRVVLEOH WR




LV FOHDU WKDW VRPH IXQGDPHQWDO GLIIHUHQFHV H[LVW EHWZHHQ WKHP$PSOLWXGH DQG IUHTXHQF\PRGXODWLRQ RI WKH
EUDLQJHQHUDWHGSLQNQRLVHOLNHDFWLYLW\ LV IDLUO\GLVWLQFWLYH IURPDQDWXUDORUV\QWKHWLFDOO\FUHDWHGSLQNQRLVH
VLJQDO+DUPRQLFIUDFWDOVJHQHUDWHGE\WKHEUDLQDUHORQJHUWKDQWKRVHIRXQGLQFRQWUROQDWXUDORUV\QWKHWL]HG
SLQNQRLVHVXJJHVWLQJDSDUWLFXODUVSHFLILFLW\DQGSURFHVVLQJWLPHRIVHQVRU\DQGFRJQLWLYHSURFHVVLQJ
,W VHHPV OLNH D EDVDO IUDFWDO QRLVHOLNH EHKDYLRU RI WKH EUDLQ FDQ DOORZ DQ HDV\ PRGXODWLRQ V\VWHP E\
PRGLI\LQJDPSOLWXGHDQG IUHTXHQF\ WKUHVKROGV WKDW FRQGXFWV WRD IDVW VKLIW IURPRQHG\QDPLF VWDWH WRDQHZ
RQH ,W LV FOHDU WKDW WKLV ELRORJLFDOO\ EDVHGPRGXODWLRQ H[HUWHG E\ WKH EUDLQ FRQVLVW LQ LQKLELW WKH DPSOLWXGH
DQGRUDOWHUWKHV\QFKURQLFLW\SKDVHRIWKHUXQQLQJDFWLYLW\RYHUVRPHQDUURZ((*IUHTXHQF\FRPPXQLFDWLRQ
EDQGV 6WUHQJWKHQLQJ WKH PHWKRG ZLWK IXUWKHU UHVHDUFK DQG H[SORUDWLRQ ZLOO PDNH SRVVLEOH WR XVH LW WR D
SRWHQWLDOTXDQWLWDWLYHDQGGHVFULSWLYHGLDJQRVLVV\VWHPIRUDQXPEHURIFRQGLWLRQVWKDWFDQLQFOXGHQRUPDORU
SDWKRORJLFDODVSHFWV
$V WKHQXPEHURIYDULDEOHV WKDWFDQEHREWDLQHGE\ WKLVH[SORUDWRU\PHWKRGFDQEHFRQWLQXRXVO\JURZLQJ
DQG EHFDXVH LQWUD DQG LQWHULQGLYLGXDO YDULDWLRQ DUH DQRWKHU IDFWV RI WKH FDXVH WKDW ZH FDQQRW GLVUHJDUG
TXDQWLWDWLYH GHVFULSWLRQV DW WKLV SRLQW FRXOG EH DVVLVWHG E\ QHZ PHWKRGRORJLHV IRU GDWD DQDO\VLV DQG
YLVXDOL]DWLRQ %LWWHUPDQQ >@ %HFDXVH ZH DUH QRZ PRYLQJ DURXQG WKH OLPER EHWZHHQ PDWKHPDWLFDO
FKDUDFWHUL]DWLRQVRI((*FRPSRQHQWV DQG WKH LQWHJUDWLRQRI D ELJJHU QXPEHURI WKHVHYDULDEOHV LQWR DPRUH
PDQDJHDEOH GHVFULSWLRQ RI FDWHJRULHV WKDW ZH FDQ IRXQG DIWHU FRPSDULQJ PDQ\ VXEMHFWV LQ GLIIHUHQW WHVWLQJ
FRQGLWLRQV ,QWHOOLJHQW V\VWHPV DQG GHGLFDWHG DOJRULWKPV IRU SDWWHUQ GHWHFWLRQ DQG UHFRJQLWLRQ PXVW EH
GHYHORSHGFRQVLGHULQJSKHQRPHQRORJLFDODVSHFWVRIWKHSURFHVVLQJEUDLQZKHUHGLUHFWDQGLQGLUHFW LQIOXHQFHV
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FDQEHDFWLQJZLWKYDULDEOHLPSDFW
:H H[SHFW WKDW KDYLQJ EHWWHU GHVFULSWLRQV RI WKH EUDLQ SURFHVVLQJ LQ WHUPV RI LWV JUDPPDU DQG V\QWD[
VWUXFWXUH DPRQJ RWKHU WKLQJV LW ZLOO EH SRVVLEOH WR SURYLGH KHXULVWLF FKDUDFWHUL]DWLRQ RI WKDW WKH SUHGLFWLYH





WKH VHDUFK RI EHWWHU TXDQWLWDWLYH DQG GHVFULSWLYH FKDUDFWHUL]DWLRQ RI WKH LQIRUPDWLRQ FRQWHQW RI WKH ((*
.LULKDUD HW DO >@ /X HW DO >@ 7KH\ KDYH DOVR VKRZHG WKDW WKLV WHFKQLTXH LV VXLWDEOH WR H[SORUH KLGGHQ
LQIRUPDWLRQ YHLOHG E\ WKH IDFW RI WKH KXJH DPRXQW RI LQIRUPDWLRQ LQVLGH WKH ((* UHFRUGLQJ*UDSKLFDO DQG
DXGLEOHWRROVIRUYLVXDOL]H((*GDWDVKRXOGFRQWLQXHRSHQLQJWKHDQDO\VLVDQGFRPSUHKHQVLRQE\PHDQRIWKH
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